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1
CUSTOMIZED PATIENT-SPECIFIC
ORTHOPAEDIC PIN GUIDES

This application is a continuation of and claims priority to
U.S. patent application Ser. No. 13/173,880, which was filed
onJun. 30,2011 andissued as U.S. Pat. No. 8,641,721 onFeb.
4, 2014, and is expressly incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates generally to customized
patient-specific orthopaedic surgical instruments, and in par-
ticular to customized patient-specific orthopaedic pin guides.

BACKGROUND

Joint arthroplasty is a well-known surgical procedure by
which a diseased and/or damaged natural joint is replaced by
a prosthetic joint. A typical knee prosthesis includes a tibial
tray, a femoral component, a polymer insert or bearing posi-
tioned between the tibial tray and the femoral component,
and, in some cases, a polymer patella button. To facilitate the
replacement of the natural joint with the knee prosthesis,
orthopaedic surgeons use a variety of orthopaedic surgical
instruments such as, for example, cutting blocks, drill guides,
milling guides, and other surgical instruments. Typically, the
orthopaedic surgical instruments are generic with respect to
the patient such that the same orthopaedic surgical instrument
may be used on a number of different patients during similar
orthopaedic surgical procedures.

SUMMARY

According to one aspect, a customized patient-specific
orthopaedic surgical instrument includes a customized
patient-specific tibial pin guide. The pin guide includes a
body having a bone-facing surface that has a customized
patient-specific negative contour configured to receive a por-
tion of an anterior side of a patient’s tibia that has a corre-
sponding positive contour. The body has a first hole formed
therein with a first locking slot extending in a direction par-
allel to the axis of the first hole. The first locking slot opens
into the first hole. The body also has a second hole formed
therein with a second locking slot extending in a direction
parallel to the axis of the second hole. The second locking slot
opens into the second hole. The customized patient-specific
tibial pin guide also has a first tab extending posteriorly from
the body. The first tab has a bone-facing surface that has a
customized patient-specific negative contour configured to
receive a first portion of the proximal side of the patient’s tibia
that has a corresponding positive contour. The customized
patient-specific tibial pin guide also has a second tab extend-
ing posteriorly from the body, the second tab including a
bone-facing surface that has a customized patient-specific
negative contour configured to receive a second portion of the
proximal side of the patient’s tibia that has a corresponding
positive contour. The customized patient-specific ortho-
paedic surgical instrument also includes a first removable
drill bushing having a post with a locking flange extending
therefrom. The post of the first removable drill bushing is
positioned in the first hole of the body of the customized
patient-specific tibial pin guide such that the locking flange of
the first removable drill bushing is positioned in the first
locking slot of the body of the customized patient-specific
tibial pin guide. The customized patient-specific orthopaedic
surgical instrument further includes a second removable drill
bushing having a post with a locking flange extending there-
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from. The post of the second removable drill bushing is posi-
tioned in the second hole of the body of the customized
patient-specific tibial pin guide such that the locking flange of
the second removable drill bushing is positioned in the second
locking slot of the body of the customized patient-specific
tibial pin guide.

The locking slots of the customized patient-specific tibial
pin guide may be embodied as female threads extending
helically around the periphery of the holes of the customized
patient-specific tibial pin guide, with the locking flanges of
the removable drill bushings being embodied as male threads
extending helically around the post of the removable drill
bushings. The male threads of the drill bushings are threaded
into the female threads ofthe body so as to lock the removable
drill bushings to the customized patient-specific tibial pin
guide.

In an embodiment, an outer end of each of the locking slots
opens into an outer surface of the body of the customized
patient-specific tibial pin guide that is opposite the bone-
facing surface, with an inner end of each of the locking slots
defining an annular recess formed in the body of the custom-
ized patient-specific tibial pin guide. The locking flanges of
the removable drill bushings may include a tab that extends
outwardly from the post of the removable drill bushings, with
such a tab being captured in the annular recess so as to lock the
removable drill bushing to the customized patient-specific
tibial pin guide.

The customized patient-specific orthopaedic tibial pin
guide may be formed from a polymeric material, with both
the first removable drill bushing and the second removable
drill bushing being formed from a metallic material.

Thebody, the first tab, and the second tab of the customized
patient-specific tibial pin guide may define a monolithic
structure.

Thebody, the first tab, and the second tab of the customized
patient-specific tibial pin guide may define a disposable
monolithic structure.

Thebody, the first tab, and the second tab of the customized
patient-specific tibial pin guide define a monolithic, dispos-
able polymeric structure, with both the first removable drill
bushing and the second removable drill bushing being reus-
able and formed from a metallic material.

The first tab and the second tab of the customized patient-
specific tibial pin guide may define an opening therebetween.

The first removable drill bushing and the second removable
drill bushing are positioned to allow a surgeon to install a pair
of guide pins on the anterior side of the patient’s tibia.

According to another aspect, a customized patient-specific
orthopaedic surgical instrument includes a customized
patient-specific femoral pin guide. The pin guide has a body
that includes a bone-facing surface that has a customized
patient-specific negative contour configured to receive a por-
tion of an anterior side of a patient’s femur that has a corre-
sponding positive contour. The body has a first hole formed
therein with a first locking slot extending in a direction par-
allel to the axis of the first hole. The first locking slot opens
into the first hole. The body also has a second hole formed
therein with a second locking slot extending in a direction
parallel to the axis of the second hole. The second locking slot
opens into the second hole. The customized patient-specific
femoral pin guide also has a first tab extending posteriorly
from the body. The first tab has a bone-facing surface that
includes a customized patient-specific negative contour con-
figured to receive a first portion of the distal side of the
patient’s femur that has a corresponding positive contour. The
first tab has a third hole formed therein with a third locking
slot extending in a direction parallel to the axis of the third
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hole. The third locking slot opens into the third hole. The
customized patient-specific femoral pin guide also includes a
second tab extending posteriorly from the body. The second
tab has a bone-facing surface that includes a customized
patient-specific negative contour configured to receive a sec-
ond portion of the distal side of the patient’s femur that has a
corresponding positive contour. The second tab has a fourth
hole formed therein with a fourth locking slot extending in a
direction parallel to the axis of the fourth hole. The fourth
locking slot opens into the fourth hole. The customized
patient-specific orthopaedic surgical instrument also includes
a first removable drill bushing having a post locked into the
first hole. The customized patient-specific orthopaedic surgi-
cal instrument further includes a second removable drill bush-
ing having a post locked into the second hole. The customized
patient-specific orthopaedic surgical instrument includes a
third removable drill bushing having a post locked into the
third hole. And finally, the customized patient-specific ortho-
paedic surgical instrument includes a fourth removable drill
bushing having a post locked into the fourth hole.

The locking slots of the customized patient-specific femo-
ral pin guide may be embodied as female threads extending
helically around the periphery of the holes of the customized
patient-specific femoral pin guide, with the locking flanges of
the removable drill bushings being embodied as male threads
extending helically around the posts of the removable drill
bushings. The male threads of the drill bushings are threaded
into the female threads of the pin guide so as to lock the
removable drill bushings to the customized patient-specific
femoral pin guide.

In an embodiment, an outer end of each of the locking slots
opens into an outer surface of the customized patient-specific
femoral pin guide that is opposite the bone-facing surface,
with an inner end of the locking slots defining an annular
recess formed in the customized patient-specific femoral pin
guide. The locking flanges of the removable drill bushings
may include a tab that extends outwardly from the post of the
removable drill bushings, with such a tab being captured in
the annular recess so as to lock the removable drill bushing to
the customized patient-specific femoral pin guide.

The body, the first tab, and the second tab of the customized
patient-specific femoral pin guide may be formed from a
polymeric material, with each of the first, second, third, and
fourth removable drill bushings being formed from a metallic
material.

The body, the first tab, and the second tab of the customized
patient-specific femoral pin guide may define a monolithic
structure.

The body, the first tab, and the second tab of the customized
patient-specific femoral pin guide may define a disposable
monolithic structure.

The body, the first tab, and the second tab of the customized
patient-specific femoral pin guide may define a monolithic,
disposable polymeric structure, with each of the first, second,
third, and fourth removable drill bushings being reusable and
formed from a metallic material.

The first tab and the second tab of the customized patient-
specific femoral pin guide may define an opening therebe-
tween.

The first removable drill bushing and the second removable
drill bushing may be positioned to allow a surgeon to install a
first pair of guide pins on the anterior side of the patient’s
tibia, with the third removable drill bushing and the fourth
removable drill bushing being positioned to allow a surgeon
to install a second pair of guide pins on the distal side of the
patient’s tibia.
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According to another aspect, a method of performing an
orthopaedic surgical procedure on a bone of a patient includes
assembling a customized patient-specific pin guide assembly
by locking a first removable drill bushing into a first hole of a
customized patient-specific pin guide and then locking a sec-
ond removable drill bushing into a second hole of the custom-
ized patient-specific pin guide. The assembled customized
patient-specific pin guide assembly is then positioned in con-
tact with the bone of the patient. A pair of guide pins is
inserted into the bone of the patient by advancing a first guide
pin of the pair of guide pins through the first removable drill
bushing, and then advancing a second guide pin of the pair of
guide pins through the second removable drill bushing. The
customized patient-specific pin guide assembly is then
removed from the bone of the patient without removing the
pair of guide pins from the bone of the patient. A patient-
universal cutting block is then positioned into contact with the
bone of the patient such that the pair of guide pins is received
into a pair of guide pin holes defined in the patient-universal
cutting block. A cut is then made in the bone of the patient
with the patient-universal cutting block.

The customized patient-specific pin guide assembly may
be disassembled by unlocking the first removable drill bush-
ing from the first hole of the customized patient-specific pin
guide, and then unlocking the second removable drill bushing
from the second hole of the customized patient-specific pin
guide. The disassembled customized patient-specific pin
guide assembly may be removed from the bone of the patient
without removing the pair of guide pins from the bone of the
patient.

The patient-universal cutting block may be removed from
the bone of the patient prior to making the cut in the bone of
the patient, and thereafter repositioned into contact with the
bone of the patient such that the pair of guide pins is received
into a second, different pair of guide pin holes defined in the
patient-universal cutting block prior to making the cut in the
bone of the patient. In doing so, an amount of bone to be
removed from the bone of the patient may be determined
subsequent to initially positioning the patient-universal cut-
ting block into contact with the bone of the patient. The pair
of'second, different guide pin holes which corresponds to the
amount of bone to be removed from the bone of the patient is
then selected from a plurality of pairs of guide pin holes, and
the patient-universal cutting block repositioned into contact
with the bone of the patient such that the pair of guide pins is
received into the selected second, different pair of guide pin
holes defined in the patient-universal cutting block prior to
making the cut in the bone of the patient.

The assembled customized patient-specific pin guide
assembly may be embodied as a femoral pin guide.

The assembled customized patient-specific pin guide
assembly may be embodied as a tibial pin guide.

BRIEF DESCRIPTION OF THE DRAWINGS

The detailed description particularly refers to the following
figures, in which:

FIG. 1 is a simplified flow diagram of an algorithm for
designing and fabricating a customized patient-specific
orthopaedic surgical instrument;

FIG. 2 is a simplified flow diagram of a method for gener-
ating a model of a patient-specific orthopaedic instrument;

FIG. 3 is a simplified flow diagram of a method for scaling
a reference contour;

FIGS. 4-6 are three-dimensional model’s of a patient’s
tibia;
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FIG. 7-9 are three-dimensional models of a patient’s
femur;

FIG. 10 is an anterior elevation view of a customized
patient-specific tibial pin guide;

FIG. 11 is a cross section view of the customized patient-
specific tibial pin guide taken along the line 11-11 of FIG. 10,
as viewed in the direction of the arrows;

FIG. 12 is a cross section view of the customized patient-
specific tibial pin guide taken along the line 12-12 of FIG. 10,
as viewed in the direction of the arrows;

FIG. 13 is a perspective view of a removable drill bushing;

FIG. 14 is an elevation view of the removable drill bushing
of FIG. 13;

FIG. 15 is a cross section view of the removable drill
bushing of FIG. 13;

FIGS. 16-20 show the customized patient-specific tibial
pin guide of FIG. 10 being used to surgically resect the tibia
of a patient;

FIG. 21 is a perspective view of a customized patient-
specific femoral pin guide;

FIG. 22 is a side elevation view of the customized patient-
specific femoral pin guide of FIG. 21;

FIG. 23 shows the customized patient-specific femoral pin
guide of FIG. 21 coupled to the femur of a patient;

FIG. 24 is an anterior elevation view of another embodi-
ment of a customized patient-specific tibial pin guide;

FIG. 25 is a cross section view of the customized patient-
specific tibial pin guide taken along the line 25-25 of FIG. 24,
as viewed in the direction of the arrows;

FIG. 26 is a perspective view of another embodiment of a
removable drill bushing; and

FIG. 27 is a cross section view of the removable drill
bushing of FIG. 26.

DETAILED DESCRIPTION OF THE DRAWINGS

While the concepts of the present disclosure are suscep-
tible to various modifications and alternative forms, specific
exemplary embodiments thereof have been shown by way of
example in the drawings and will herein be described in
detail. It should be understood, however, that there is no intent
to limit the concepts of the present disclosure to the particular
forms disclosed, but on the contrary, the intention is to cover
all modifications, equivalents, and alternatives falling within
the spirit and scope of the invention as defined by the
appended claims.

Terms representing anatomical references, such as ante-
rior, posterior, medial, lateral, superior, inferior, etcetera, may
be used throughout this disclosure in reference to the ortho-
paedic implants and instruments described herein, along with
apatient’s natural anatomy. Such terms have well-understood
meanings in both the study of anatomy and the field of ortho-
paedics. Use of such anatomical reference terms in the speci-
fication and claims is intended to be consistent with their
well-understood meanings unless noted otherwise.

Referring to FIG. 1, an algorithm 10 for fabricating a
customized patient-specific orthopaedic surgical instrument
is illustrated. What is meant herein by the term “customized
patient-specific orthopaedic surgical instrument™ is a surgical
tool for use by a surgeon in performing an orthopaedic sur-
gical procedure that is intended, and configured, for use on a
particular patient. As such, it should be appreciated that, as
used herein, the term “customized patient-specific ortho-
paedic surgical instrument” is distinct from standard, non-
patient specific orthopaedic surgical instruments (i.e.,
“patient-universal instruments” such as patient-universal cut-
ting blocks) that are intended for use on a variety of different
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patients and were not fabricated or customized to any particu-
lar patient. Additionally, it should be appreciated that, as used
herein, the term “customized patient-specific orthopaedic
surgical instrument” is distinct from orthopaedic prostheses,
whether patient-specific or generic, which are surgically
implanted in the body of the patient. Rather, customized
patient-specific orthopaedic surgical instruments are used by
an orthopaedic surgeon to assist in the implantation of ortho-
paedic prostheses. Examples of “customized patient-specific
orthopaedic surgical instruments” include customized
patient-specific drill/pin guides, customized patient-specific
tibial cutting blocks, and customized patient-specific femoral
cutting blocks.

In some embodiments, the customized patient-specific
orthopaedic surgical instrument may be customized to the
particular patient based on the location at which the instru-
ment is to be coupled to one or more bones of the patient, such
as the femur and/or tibia. For example, in some embodiments,
the customized patient-specific orthopaedic surgical instru-
ment may include a bone-contacting or facing surface having
a negative contour that matches or substantially matches the
contour of a portion of the relevant bone of the patient. As
such, the customized patient-specific orthopaedic surgical
instrument is configured to be coupled to the bone of a patient
in a unique location and position with respect to the patient’s
bone. That is, the negative contour of the bone-contacting
surface is configured to receive the matching contour surface
of'the portion of the patient’s bone. As such, the orthopaedic
surgeon’s guesswork and/or intra-operative decision-making
with respect to the placement of the orthopaedic surgical
instrument are reduced. For example, the orthopaedic sur-
geon may not be required to locate landmarks of the patient’s
bone to facilitate the placement of the orthopaedic surgical
instrument, which typically requires some amount of estima-
tion on part of the surgeon. Rather, the orthopaedic surgeon
may simply couple the customized patient-specific ortho-
paedic surgical instrument on the bone or bones of the patient
in the unique location. When so coupled, the cutting plane,
drilling/pinning holes, milling holes, and/or other guides are
defined in the proper location relative to the bone and
intended orthopaedic prosthesis. The customized patient-spe-
cific orthopaedic surgical instrument may be embodied as any
type of orthopaedic surgical instrument such as, for example,
a bone-cutting block, a drilling/pin guide, a milling guide, or
other type of orthopaedic surgical instrument configured to be
coupled to a bone of a patient.

As shown in FIG. 1, the algorithm 10 includes process
steps 12 and 14, in which an orthopaedic surgeon performs
pre-operative planning of the orthopaedic surgical procedure
to be performed on a patient. The process steps 12 and 14 may
be performed in any order or contemporaneously with each
other. In process step 12, a number of medical images of the
relevant bony anatomy or joint of the patient are generated. To
do so, the orthopaedic surgeon or other healthcare provider
may operate an imaging system to generate the medical
images. The medical images may be embodied as any number
and type of medical images capable of being used to generate
a three-dimensional rendered model of the patient’s bony
anatomy or relevant joint. For example, the medical images
may be embodied as any number of computed tomography
(CT) images, magnetic resonance imaging (MRI) images, or
other three-dimensional medical images. Additionally or
alternatively, as discussed in more detail below in regard to
process step 18, the medical images may be embodied as a
number of X-ray images or other two-dimensional images
from which a three-dimensional rendered model of the
patient’s relevant bony anatomy may be generated. Addition-
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ally, in some embodiments, the medical image may be
enhanced with a contrast agent designed to highlight the
cartilage surface of the patient’s knee joint.

In process step 14, the orthopaedic surgeon may determine
any additional pre-operative constraint data. The constraint
data may be based on the orthopaedic surgeon’s preferences,
preferences of the patient, anatomical aspects of the patient,
guidelines established by the healthcare facility, or the like.
For example, the constraint data may include the orthopaedic
surgeon’s preference for a metal-on-metal interface, amount
of inclination for implantation, the thickness of the bone to
resect, size range of the orthopaedic implant, and/or the like.
In some embodiments, the orthopaedic surgeon’s preferences
are saved as a surgeon’s profile, which may used as a default
constraint values for further surgical plans.

In process step 16, the medical images and the constraint
data, if any, are transmitted or otherwise provided to an ortho-
paedic surgical instrument vendor or manufacturer. The
medical images and the constraint data may be transmitted to
the vendor via electronic means such as a network or the like.
After the vendor has received the medical images and the
constraint data, the vendor processes the images in step 18.
The orthopaedic surgical instrument vendor or manufacturer
process the medical images to facilitate the determination of
the bone cutting planes, implant sizing, and fabrication of the
customized patient-specific orthopaedic surgical instrument
as discussed in more detail below. For example, in process
step 20 the vendor may convert or otherwise generate three-
dimensional images from the medical images. For example,
in embodiments wherein the medical images are embodied as
a number of two-dimensional images, the vendor may use a
suitable computer algorithm to generate one or more three-
dimensional images form the number of two-dimensional
images. Additionally, in some embodiments, the medical
images may be generated based on an established standard
such as the Digital Imaging and Communications in Medi-
cine (DICOM) standard. In such embodiments, an edge-de-
tection, thresholding, watershed, or shape-matching algo-
rithm may be used to convert or reconstruct images to a
format acceptable in a computer aided design application or
other image processing application. Further, in some embodi-
ments, an algorithm may be used to account for tissue such as
cartilage not discernable in the generated medical images. In
such embodiments, any three-dimensional model of the
patient-specific instrument (see, e.g., process step 26 below)
may be modified according to such algorithm to increase the
fit and function of the instrument.

In process step 22, the vendor may process the medical
images, and/or the converted/reconstructed images from pro-
cess step 20, to determine a number of aspects related to the
bony anatomy of'the patient such as the anatomical axis of the
patient’s bones, the mechanical axis of the patient’s bone,
other axes and various landmarks, and/or other aspects of the
patient’s bony anatomy. To do so, the vendor may use any
suitable algorithm to process the images.

In process step 24, the cutting planes of the patient’s bone
are determined. The planned cutting planes are determined
based on the type, size, and position of the orthopaedic pros-
thesis to be used during the orthopaedic surgical procedure,
on the process images such as specific landmarks identified in
the images, and on the constraint data supplied by the ortho-
paedic surgeon in process steps 14 and 16. The type and/or
size of the orthopaedic prosthesis may be determined based
onthe patient’s anatomy and the constraint data. For example,
the constraint data may dictate the type, make, model, size, or
other characteristic of the orthopaedic prosthesis. The selec-
tion ofthe orthopaedic prosthesis may also be modified based
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on the medical images such that an orthopaedic prosthesis
that is usable with the bony anatomy of the patient and that
matches the constraint data or preferences of the orthopaedic
surgeon is selected.

In addition to the type and size of the orthopaedic prosthe-
sis, the planned location and position of the orthopaedic pros-
thesis relative to the patient’s bony anatomy is determined To
doso, adigital template of the selected orthopaedic prosthesis
may be overlaid onto one or more of the processed medical
images. The vendor may use any suitable algorithm to deter-
mine a recommended location and orientation of the ortho-
paedic prosthesis (i.e., the digital template) with respect to the
patient’s bone based on the processed medical images (e.g.,
landmarks of the patient’s bone defined in the images) and/or
the constraint data. Additionally, any one or more other
aspects of the patient’s bony anatomy may be used to deter-
mine the proper positioning of the digital template.

In some embodiments, the digital template along with sur-
gical alignment parameters may be presented to the ortho-
paedic surgeon for approval. The approval document may
include the implant’s rotation with respect to bony landmarks
such as the femoral epicondyle, posterior condyles, sulcus
groove (Whiteside’s line), and the mechanical axis as defined
by the hip, knee, and/or ankle centers.

The planned cutting planes for the patient’s bone(s) may
then be determined based on the determined size, location,
and orientation of the orthopaedic prosthesis. In addition,
other aspects of the patient’s bony anatomy, as determined in
process step 22, may be used to determine or adjust the
planned cutting planes. For example, the determined
mechanical axis, landmarks, and/or other determined aspects
of' the relevant bones of the patient may be used to determine
the planned cutting planes.

In process step 26, a model of the customized patient-
specific orthopaedic surgical instrument is generated. In some
embodiments, the model is embodied as a three-dimensional
rendering of the customized patient-specific orthopaedic sur-
gical instrument. In other embodiments, the model may be
embodied as a mock-up or fast prototype of the customized
patient-specific orthopaedic surgical instrument. The particu-
lar type of orthopaedic surgical instrument to be modeled and
fabricated may be determined based on the orthopaedic sur-
gical procedure to be performed, the constraint data, and/or
the type of orthopaedic prosthesis to be implanted in the
patient. As such, the customized patient-specific orthopaedic
surgical instrument may be embodied as any type of ortho-
paedic surgical instrument for use in the performance of an
orthopaedic surgical procedure. For example, the orthopaedic
surgical instrument may be embodied as a bone-cutting
block, a drilling/pinning guide, a milling guide, and/or any
other type of orthopaedic surgical tool or instrument.

The particular shape of the customized patient-specific
orthopaedic surgical instrument is determined based on the
planned location of the orthopaedic surgical instrument rela-
tive to the patient’s bony anatomy. The location of the cus-
tomized patient-specific orthopaedic surgical instrument with
respect to the patient’s bony anatomy is determined based on
the type and determined location of the orthopaedic prosthe-
sis to be used during the orthopaedic surgical procedure. That
is, the planned location of the customized patient-specific
orthopaedic surgical instrument relative to the patient’s bony
anatomy may be selected based on, in part, the planned cut-
ting planes of the patient’s bone(s) as determined in step 24.
For example, in embodiments wherein the customized
patient-specific orthopaedic surgical instrument is embodied
as a drilling/pinning guide (or hereinafter, simply a “pin
guide”) foruse in conjunction with a patient-universal cutting
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block, the location of the orthopaedic surgical instrument is
selected such that the cutting guide of the patient-universal
cutting block, when installed on guide pins placed in the bone
by use of the customized patient-specific pin guide, matches
one or more of the planned cutting planes determined in
process step 24. Additionally, the planned location of the
orthopaedic surgical instrument may be based on the identi-
fied landmarks of the patient’s bone identified in process step
22.

In some embodiments, the particular shape or configura-
tion of the customized patient-specific orthopaedic surgical
instrument may be determined based on the planned location
of the instrument relative to the patient’s bony anatomy. That
is, the customized patient-specific orthopaedic surgical
instrument may include a bone-contacting surface having a
negative contour that matches the contour of a portion of the
bony anatomy of the patient such that the orthopaedic surgical
instrument may be coupled to the bony anatomy ofthe patient
in a unique location, which corresponds to the pre-planned
location for the instrument. When the orthopaedic surgical
instrument is coupled to the patient’s bony anatomy in the
unique location, one or more guides (e.g., cutting or drilling
guide) of the orthopaedic surgical instrument may be aligned
to one or more of the bone cutting plane(s) as discussed
above.

One illustrative embodiment of a method 40 for generating
a model, such as a computer model, of a patient-specific
orthopaedic instrument is illustrated in FIGS. 2 through 9.
The method 40 begins with a step 42 in which a cartilage
thickness value is determined. The cartilage thickness value is
indicative of the average thickness of the cartilage of the
patient’s bone. As such, in one embodiment, the cartilage
thickness value is equal to the average thickness of cartilage
for an individual having similar characteristics as the patient.
For example, the cartilage thickness value may be equal to the
average thickness value of individuals of the same gender as
the patient, the same age as the patient, having the same
activity level of the patient, and/or the like. In other embodi-
ments, the cartilage thickness value is determined based on
one or more medical images of the patient’s bone, such as
those images transmitted in process step 16.

In step 44, a reference contour of the patient’s relevant
bone is determined. The reference contour is based on the
surface contour of a three-dimensional model of the patient’s
relevant bone, such as the three-dimensional model generated
in step 20. Initially the reference contour is identical to a
region (i.e. the region of interest such as the distal end of the
patient’s femur or the proximal end of the patient’s tibia) of
the patient’s bone. That is, in some embodiments, the refer-
ence contour is juxtaposed on the surface contour of the
region of the patient’s bone.

Subsequently, in step 46, the reference contour is scaled to
compensate for the cartilage thickness value determined in
step 42. To do so, in one embodiment, the scale of the refer-
ence contour is increased based on the cartilage thickness
value. For example, the scale of the reference contour may be
increased by an amount equal to or determined from the
cartilage thickness value. However, in other embodiments,
the reference contour may be scaled using other techniques
designed to scale the reference contour to a size at which the
reference contour is compensated for the thickness of the
cartilage on the patient’s bone.

For example, in one particular embodiment, the reference
contour is scaled by increasing the distance between a fixed
reference point and a point lying on, and defining in part, the
reference contour. To do so, in one embodiment, a method 60
for scaling a reference contour as illustrated in FIG. 3 may be
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used. The method 60 begins with step 62 in which a medial/
lateral line segment is established on the three-dimensional
model of the patient’s relevant bone. The medial/lateral line
segment is defined or otherwise selected so as to extend from
a point lying on the medial surface of the patient’s bone to a
point lying on lateral surface of the patient’s bone. The medial
surface point and the lateral surface point may be selected so
as to define the substantially maximum local medial/lateral
width of the patient’s bone in some embodiments.

In step 64, an anterior/posterior line segment is established
onthe three-dimensional model of the patient’s relevant bone.
The anterior/posterior line segment is defined or otherwise
selected so as to extend from a point lying on the anterior
surface of the patient’s bone to a point lying on posterior
surface of the patient’s bone. The anterior surface point and
the posterior surface point may be selected so as to define the
substantially maximum local anterior/posterior width of the
patient’s bone in some embodiments.

The reference point from which the reference contour will
be scaled is defined in step 66 as the intersection point of the
medial/lateral line segment and anterior/posterior line seg-
ment. As such, it should be appreciated that the medial surface
point, the lateral surface point, the anterior surface point, and
the posterior surface point lie on the same plane. After the
reference point is initially established in step 66, the reference
point is moved or otherwise translated toward an end of the
patient’s bone. For example, in embodiments wherein the
patient’s bone is embodied as a femur, the reference point is
moved inferiorly toward the distal end of the patient’s femur.
Conversely, in embodiments when the patient’s bone is
embodied as a tibia, the reference point is moved superiorly
toward the proximal end of the patient’s tibia. In one embodi-
ment, the reference point is moved a distance equal to about
half'the length of the anterior/posterior line segment as deter-
mined in step 64. However, in other embodiments, the refer-
ence point may be moved other distances sufficient to com-
pensate the reference contour for thickness of the cartilage
present on the patient’s bone.

Once the location of the reference point has been deter-
minedin step 68, the distance between the reference point and
each point lying on, and defining in part, the reference contour
is increased in step 70. To do so, in one particular embodi-
ment, each point of the reference contour is moved a distance
away from the reference point based on a percentage value of
the original distance defined between the reference point and
the particular point on the reference contour. For example, in
one embodiment, each point lying on, and defining in part, the
reference contour is moved away from the reference point in
by a distance equal to a percentage value of the original
distance between the reference point and the particular point.
In one embodiment, the percentage value is in the range of
about five percent to about thirty percent. In one particular
embodiment, the percentage value is about ten percent.

Referring now to FIGS. 4-9, in another embodiment, the
reference contour is scaled by manually selecting a local
“high” point on the surface contour of the three-dimensional
image of the patient’s bone. For example, in embodiments
wherein the relevant patient’s bone is embodied as a tibia as
illustrated in FIGS. 4-6, the reference point 90 is initially
located on the tibial plateau high point of the tibial model 92.
Either side of the tibial plateau may be used. Once the refer-
ence point 90 is initially established on the tibial plateau high
point, the reference point 90 is translated to the approximate
center of the plateau as illustrated in FIG. 5 such that the
Z-axis defining the reference point is parallel to the mechani-
cal axis of the tibial model 92. Subsequently, as illustrated in
FIG. 6, the reference point is moved in the distal direction by
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a predetermined amount. In one particular embodiment, the
reference point is moved is the distal direction by about 20
millimeters, but other distances may be used in other embodi-
ments. For example, the distance over which the reference
point is moved may be based on the cartilage thickness value
in some embodiments.

Conversely, in embodiments wherein the relevant patient’s
bone is embodied as a femur as illustrated in FIGS. 7-9, the
reference point 90 is initially located on the most distal point
of the distal end of the femoral model 94. Either condyle of
the femoral model 94 may be used in various embodiments.
Once the reference point 90 is initially established on the most
distal point, the reference point 90 is translated to the approxi-
mate center of the distal end of the femoral model 94 as
illustrated in FIG. 8 such that the Z-axis defining the reference
point 90 is parallel to the mechanical axis of the femoral
model 92. The anterior-posterior width 96 of the distal end of
the femoral model 94 is also determined. Subsequently, as
illustrated in FIG. 9, the reference point is moved or otherwise
translated in the proximal or superior direction by a distance
98. In one particular embodiment, the reference point is
moved in the distal or superior direction by a distance 98
equal to about half the distance 96. As such, it should be
appreciated that one of a number of different techniques may
be used to define the location of the reference point based on,
for example, the type of bone.

Referring now back to FIG. 2, once the reference contour
has been scaled in step 46, the medial/lateral sides of the
reference contour are adjusted in step 48. To do so, in one
embodiment, the distance between the reference point and
each point lying on, and defining in part, the medial side and
lateral side of the reference contour is decreased. For
example, in some embodiments, the distance between the
reference point and the points on the medial and lateral sides
of the scaled reference contour are decreased to the original
distance between such points. As such, it should be appreci-
ated that the reference contour is offset or otherwise enlarged
with respect to the anterior side of the patient’s bone and
substantially matches or is otherwise not scaled with respect
to the medial and lateral sides of the patient’s bone.

The reference contour may also be adjusted in step 48 for
areas of the patient’s bone having a reduced thickness of
cartilage. Such areas of reduced cartilage thickness may be
determined based on the existence of bone-on-bone contact
as identified in a medical image, simulation, or the like.
Additionally, information indicative of such areas may be
provided by the orthopaedic surgeon based on his/her exper-
tise. If one or more areas of reduced cartilage thickness are
identified, the reference contour corresponding to such areas
of the patient’s bone is reduced (i.e., scaled back or down).

Additionally, in some embodiments, one or more osteo-
phytes on the patient’s bone may be identified; and the refer-
ence contour may be compensated for such presence of the
osteophytes. By compensating for such osteophytes, the ref-
erence contour more closely matches the surface contour of
the patient’s bone. Further, in some embodiments, a distal end
(in embodiments wherein the patient’s bone is embodied as a
tibia) or a proximal end (in embodiments wherein the
patient’s bone is embodied as a femur) of the reference con-
tour may be adjusted to increase the conformity of the refer-
ence contour to the surface contour of the bone. For example,
in embodiments wherein the patient’s bone is a femur, the
superior end of the scaled reference contour may be reduced
or otherwise moved closer to the surface contour of the
patient’s femur in the region located superiorly to a cartilage
demarcation line defined on the patient’s femur. Conversely,
in embodiments wherein the patient’s bone is embodied as a
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tibia, an inferior end of the scaled reference contour may be
reduced or otherwise moved closer to the surface contour of
the patient’s tibia in the region located inferiorly to a cartilage
demarcation line of the patient’s tibia. As such, it should be
appreciated that the scaled reference contour is initially
enlarged to compensate for the thickness of the patient’s
cartilage on the patient’s bone. Portions of the scaled refer-
ence contour are then reduced or otherwise moved back to
original positions and/or toward the reference point in those
areas where cartilage is lacking, reduced, or otherwise not
present.

Once the reference contour has been scaled and adjusted in
steps 46 and 48, the position of the cutting guide is defined in
step 50. In particular, the position of the cutting guide is
defined based on an angle defined between a mechanical axis
of the patient’s femur and a mechanical axis of the patient’s
tibia. The angle may be determined by establishing a line
segment or ray originating from the proximal end of the
patient’s femur to the distal end of the patient’s femur and
defining a second line segment or ray extending from the
patient’s ankle through the proximal end of the patient’s tibia.
The angle defined by these two line segments/rays is equal to
the angle defined between the mechanical axis ofthe patient’s
femur and tibia. The position of the bone cutting guide is then
determined based on the angle between the mechanical axes
of'the patient’s femur and tibia. It should be appreciated that,
as will be discussed below in more detail, the position of the
cutting guide defines the position and orientation of the cut-
ting plane of a patient-universal cutting block when it is
installed on guide pins placed in the bone by use of a custom-
ized patient-specific pin guide. Subsequently, in step 52, a
negative contour of the customized patient-specific pin guide
is defined based on the scaled and adjusted reference contour
and the angle defined between the mechanical axis of the
femur and tibia.

Referring back to FIG. 1, after the model of the customized
patient-specific orthopaedic surgical instrument has been
generated in process step 26, the model is validated in process
step 28. The model may be validated by, for example, ana-
lyzing the rendered model while coupled to the three-dimen-
sional model of the patient’s anatomy to verify the correlation
of cutting guides and planes, drilling guides and planned drill
points, and/or the like. Additionally, the model may be vali-
dated by transmitting or otherwise providing the model gen-
erated in step 26 to the orthopaedic surgeon for review. For
example, in embodiments wherein the model is a three-di-
mensional rendered model, the model along with the three-
dimensional images of the patient’s relevant bone(s) may be
transmitted to the surgeon for review. In embodiments
wherein the model is a physical prototype, the model may be
shipped to the orthopaedic surgeon for validation.

After the model has been validated in process step 28, the
customized patient-specific orthopaedic surgical instrument
is fabricated in process step 30. The customized patient-
specific orthopaedic surgical instrument may be fabricated
using any suitable fabrication device and method. Addition-
ally, the customized patient-specific orthopaedic instrument
may be formed from any suitable material such as a metallic
material, a plastic material, or combination thereof depending
on, for example, the intended use of the instrument. The
fabricated customized patient-specific orthopaedic instru-
ment is subsequently shipped or otherwise provided to the
orthopaedic surgeon. The surgeon performs the orthopaedic
surgical procedure in process step 32 using the customized
patient-specific orthopaedic surgical instrument. As dis-
cussed above, because the orthopaedic surgeon does not need
to determine the proper location of the orthopaedic surgical
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instrument intra-operatively, which typically requires some
amount of estimation on part of the surgeon, the guesswork
and/or intra-operative decision-making on part of the ortho-
paedic surgeon is reduced.

Referring now to FIGS. 10-12, in one embodiment, the
customized patient-specific orthopaedic surgical instrument
may be embodied as a tibial pin guide 100. The pin guide 100
is configured to be coupled to a tibia of a patient. As will be
described below in greater detail, the tibial pin guide 100 is
used to install a pair of guide pins 160 in a location on the tibia
of the patient that has been customized for that particular
patient. However, the tibial pin guide 100 is devoid of a
cutting guide. As a result, once the tibial pin guide 100 has
been used to install the guide pins 160, it is removed from the
patient’s tibia and a patient-universal cutting block 162 (see
FIG. 20) is installed on the guide pins 160 and thereafter used
to resect the patient’s tibia. This is in contrast to the fabrica-
tion and use of a customized patient-specific cutting block.
Such an arrangement allows for a certain degree of customi-
zation of the surgical procedure by customizing the place-
ment of the guide pins 160 to the patient’s anatomy, while also
enjoying the cost benefits associated with the use of'a reusable
patient-universal cutting block.

The pin guide 100 includes a body 102 configured to be
coupled to the anterior side of the patient’s tibia and two arms
ortabs 104, 106 which extend posteriorly away from the body
102. The tabs 104, 106 are configured to wrap around a
proximal end of the tibia as discussed in more detail below.
The pin guide 100 may be formed from any suitable material.
For example, the pin guide 100 may be formed from a plastic
or resin material. In one particular embodiment, the pin guide
100 is formed from Vero resin using a rapid prototype fabri-
cation process. However, the pin guide 100 may be formed
from other materials in other embodiments. For example, in
another particular embodiment, the pin guide 100 is formed
from a polyimide thermoplastic resin, such as a Ultem resin,
which is commercially available from Saudi Basic Industries
Corporation Innovative Plastics of Riyhadh, Saudi Arabia. In
the illustrative embodiment described herein, the pin guide
100 is formed as a monolithic polymer structure.

The body 102 of the pin guide 100 includes a bone-con-
tacting or bone-facing surface 112 and an outer surface 114
opposite the bone-facing surface 112. The body 102 has a
number of guide holes 116 defined therethrough. A remov-
able drill bushing 118 is locked into each guide hole 116. As
will be described below in greater detail, the removable drill
bushings 118 may be installed in the pin guide 100 for use in
a surgical procedure and then removed from the pin guide 100
after the procedure. Whereas the pin guide 10 is customized
component that is disposed of after its single use on the
patient for which it was made, the removed drill bushings 118
may be sterilized and reused in a subsequent surgical proce-
dure.

The bone-facing surface 112 of the pin guide’s body 102
includes a negative contour 138 configured to receive a por-
tion of the anterior side of the patient’s tibia having a corre-
sponding contour and, optionally, a portion of the medial side
of the patient’s tibia. The customized patient-specific nega-
tive contour 138 of the bone-contacting surface 112 allows
the positioning of the pin guide 100 on the patient’s tibia in a
unique pre-determined location and orientation. In the exem-
plary embodiment described herein, the negative contour 138
is selected such that the pin guide 100 is configured to be
coupled to the patient’s tibia on an anterior surface of the
tibia, although it may also be configured to be coupled to the
anterior-medial side of the patient’s tibia.
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The tabs 104, 106 include a bone-contacting or bone-fac-
ing surface 140, 142, respectively, and an outer surface 144,
146, respectively, opposite the bone-facing surface 140, 142.
The bone-facing surface 140 of the tab 104 includes a nega-
tive contour 148 configured to receive a portion of the proxi-
mal side of the patient’s tibia having a respective correspond-
ing contour. Similarly, the bone-facing surface 142 of the tab
106 includes a negative contour 150 configured to receive a
portion of the proximal side of the patient’s tibia having a
respective corresponding contour.

As discussed above, the arms or tabs 104, 106 extend
posteriorly from the body 102 to define a U-shaped opening
therebetween. The tabs 104, 106 may extend from the body
102 the same distance or a different distance. Moreover, as
shown in FIG. 11. the tabs 104, 106 may extend posteriorly at
a non-parallel angle relative to one another.

In some embodiments, the negative contours 138, 148, 150
of'the bone-contacting surfaces 112, 140, 142 of the custom-
ized patient-specific pin guide 100 may or may not match the
corresponding contour surface of the patient’s bone. That is,
as discussed above, the negative contours 138, 148, 150 may
be scaled or otherwise resized (e.g., enlarged) to compensate
for the patient’s cartilage or lack thereof.

As canbe seen in FIGS. 13-15, the removable drill bushing
118 includes a head 120 that is contoured to be gripped by a
surgeon’s fingers. A post 122 extends away from the head 120
and includes a locking flange 124 formed on the outer surface
thereof. The locking flange 124 is utilized to lock the post 122
within one of the guide holes 116 of the pin guide 100.
Specifically, a locking slot 126 is formed in the pin guide’s
body 102 proximate to each of the guide holes 116. The
locking slots 126 extend in a direction parallel to the axis of
each ofthe respective guide holes 116 and open into the guide
holes 116. In the illustrative embodiment of FIGS. 10-15, the
locking flanges 124 of the removable drill bushings 118 are
embodied as a number of male threads 124 extending heli-
cally around the outer surface of the post 122, with the locking
slots 126 of the pin guide 100 being embodied as a number of
female threads 126 extending helically around the periphery
of each of the guide holes 116. The drill bushing’s male
threads 124 are sized to thread into the female threads 126
formed in the guide holes 116 of the pin guide 100.

An elongated bore 128 extends through the removable drill
bushing 118. The bore 128 is sized to receive a drill such that
the patient’s tibia may be pre-drilled prior to installation of
the guide pins 160. As shown in FIG. 15, each end of the bore
128 is countersunk. The countersunk opening on the drill
bushing’s head 120 functions as a lead-in to facilitation inser-
tion of the drill and the guide pins 160 into the bore 128.

The removable drill bushings 118 may be provided to the
surgeon separately from the pin guide 100. In particular, one
or more of the removable drill bushings 118 may be provided
to the surgeon in a separate sterile package from the sterile
package that includes the pin guide 100. Unlike the pin guide
100 that is designed as a single-use disposable component,
the removable drill bushings may be sterilized and reused
after each procedure. As such, additional drill bushings 118
may not be needed each time a new pin guide 100 is procured
by the surgeon.

The removable drill bushings 118 may be constructed from
a medical-grade metal such as stainless steel, cobalt chrome,
or titanium, although other metals or alloys may be used.

As shown in FIGS. 16-20, a surgeon may use the custom-
ized patient-specific tibial pin guide 100 to install a pair of
guide pins 160 in locations on the tibia of the patient that have
been customized for that particular patient. A patient-univer-
sal cutting block 162 may then be installed on the custom-
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located guide pins 160 and thereafter used to resect the
patient’s tibia. Such an arrangement allows for a certain
degree of customization of the surgical procedure by custom-
izing the placement of the guide pins 160 to the patient’s
anatomy, while also enjoying the cost benefits associated with
use of the reusable patient-universal cutting block 162.

As shown in FIG. 16, the surgical procedure commences
with assembly of the customized patient-specific surgical
instrument on a prep table or other part of the surgery room.
To do so, the surgeon first obtains a customized patient-
specific pin guide 100 that was fabricated for the particular
patient being treated by the surgeon. The pin guide 100 is
fabricated in the manner described above in regard to FIGS.
1-9. Once the customized patient-specific pin guide 100 has
been obtained, the surgeon then takes a pair of the sterilized
removable drill bushings 118 and installs them to the pin
guide 100. In particular, the surgeon obtains a pair of the
removable drill bushings 118 from a previous procedure (af-
ter being sterilized) or new drill bushings 118 (from the manu-
facturer’s sterilized packaging). Thereafter, the surgeon
inserts the threaded post 122 of one of the drill bushings 118
into one of the guide holes 116 formed in the pin guide 100
and rotates the head 120 of the drill bushing 118 so that the
external threads 124 formed on the outer surface of the post
122 are threaded into the female threads 126 formed in the
guide hole 116. The surgeon then obtains the other drill bush-
ing 118 and installs it in the pin guide’s other guide hole 116
in a similar manner.

As shown in FIG. 17, the assembled customized patient-
specific pin guide 100 is then coupled to the proximal end of
the patient’s tibia. Because the bone-contacting surfaces 112,
140, 142 of the pin guide 100 include the negative contours
138, 148, 150, the pin guide 100 is coupled to the patient’s
tibia in a pre-planned, unique position. When so coupled, the
tabs 104, 106 wrap around the proximal end of the patient’s
tibia, and the elongated bores 128 of the drill bushings 118
extend in the anterior/posterior direction away from the ante-
rior surface of the patient’s tibia.

The surgeon then installs the guide pins 160. To do so, the
surgeon first drills pilot holes in the patient’s tibia by advanc-
ing a drill (not shown) through the guide bore 128 of each of
the drill bushings 118. The surgeon then inserts a guide pin
160 through the guide bore 128 of each of the drill bushings
118 and into the drilled pilot holes. As such, the guide pins
160 are installed in the patient’s tibia in customized, patient-
specific locations created by use of the customized, patient-
specific pin guide 100. It should be appreciated that if the
guide pins 160 are self-tapping pins, pre-drilling of the
patient’s tibia is not necessary.

As shown in FIG. 18, once the guide pins 160 are installed
in the patient’s tibia in the customized, patient-specific loca-
tions by use of the pin guide 100, the drill bushings 118 are
removed. Specifically, the surgeon first grips the head 120 of
one of the drill bushings 118 and rotates it in the opposite
direction it was rotated during installation (e.g., counter-
clockwise) such that the external threads 124 formed on the
outer surface of the drill bushing’s post 122 are unthreaded
from the female threads 126 formed in the guide hole 116.
Once unthreaded, the drill bushing 118 may be lifted away
from the pin guide 100. The surgeon then removes the other
drill bushing 118 from the pin guide’s other guide hole 116 in
a similar manner. The drill bushings 118 are not disposed of,
but rather may be retained and sterilized for use in a subse-
quent surgical procedure in combination with a customized
patient-specific pin guide 100 that has been fabricated for
another patient.
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As shown in FIG. 19, with the drill bushings 118 removed,
the pin guide 100 is then de-coupled and removed from the
patient’s tibia. In doing so, the guide pins 160 are left behind
in the patient’s tibia in the customized, patient-specific loca-
tions created by use of the pin guide 100. As shown in FI1G. 20,
the patient-universal cutting block 162 is then used to resect
the patient’s tibia in the desired location and orientation. The
patient-universal cutting block 162 includes a cutting guide
164 that, in the illustrative embodiment described herein, is in
the form of a cutting slot 166 formed in the cutting block’s
body 168. The body 168 of the patient-universal cutting block
162 also has multiple pairs of guide pin holes formed therein.
For example, in the illustrative embodiment described herein,
the cutting block’s body 168 has three different correspond-
ing pairs of guide pin holes 170, 172, and 174. As will be
described below in greater detail, the patient-universal cutting
block 162 may be selectively positioned on the guide pins 160
by use of the guide pin holes 170, 172, and 174 to alter the
position of the cutting slot 166 and hence the amount of bone
removed during resection. For example, in FIG. 20, the cut-
ting block is positioned in the pair of guide pin holes 170
corresponding to the baseline or “zero” setting. If the surgeon
desires to take off more bone (e.g., +2 mm) than would
otherwise be removed by use of the zero setting, the surgeon
can remove the patient-universal cutting block 162 from the
guide pins 160 and reinstall it such that the guide pins 160 are
received into the guide pin holes 172. Conversely, if the
surgeon desires to take off less bone (e.g., -2 mm) than would
otherwise be removed by use of the zero setting, the surgeon
can remove the patient-universal cutting block 162 from the
guide pins 160 and reinstall it such that the guide pins 160 are
received into the guide pin holes 174.

As shown in FIG. 20, once the patient-universal cutting
block 162 has been installed with use of the desired pair of
guide pin holes (in the illustrative example of FIG. 20, the
guide pin holes 170), the surgeon may use the patient-univer-
sal cutting block to resect the proximal end of the patient’s
tibia. To do so, the surgeon advances a bone saw blade into the
cutting slot 166 and cuts the tibia. If need be, the surgeon may
then reposition the cutting block 162 with use of a different
pair of guide pin holes to perform a second cut to remove
more bone. Once the patient’s proximal tibia has been
resected, the surgeon may then continue with the surgical
procedure.

Referring now to FIGS. 21-23, the customized patient-
specific instruments described herein may also be embodied
as a customize patient-specific femoral pin guide 200. The pin
guide 200 is configured to be coupled to the femur of a patient.
The pin guide 200 includes a body 202 configured to be
coupled to the anterior side of the patient’s femur and two
arms or tabs 204, 206, which extend posteriorly away from
the body 202. The tabs 204, 206 are configured to wrap
around a distal end of the femur. Each of the tabs 204, 206
includes an inwardly-curving or otherwise superiorly extend-
ing lip 208, 210.

Like the tibial pin guide 100, the femoral pin guide 200
may be formed from a material such as a plastic or resin
material. In some embodiments, the pin guide 200 may be
formed from a photo-curable or laser-curable resin. In one
particular embodiment, the pin guide 200 is formed from a
Vero resin using a rapid prototype fabrication process. How-
ever, the pin guide 200 may be formed from other materials in
other embodiments. For example, in another particular
embodiment, the pin guide 200 is formed from a polyimide
thermoplastic resin, such as a Ultem resin. In the illustrative
embodiment described herein, the pin guide 200 is embodied
as a monolithic structure.
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The body 202 includes a bone-contacting or bone-facing
surface 212 and an outer surface 214 opposite the bone-facing
surface 212. The body 202 has a number of threaded guide
holes 216 defined therethrough. One of the removable drill
bushings 118 may be threaded into each of the guide holes
216. In addition to the guide holes 216 formed in the pin
guide’s body 202, another pair of guide holes 216 is formed in
the tabs 204, 206. Similarly to as described above in regard to
the tibial pin guide 100, the removable drill bushings 118 may
be installed in the femoral pin guide 200 for use in a surgical
procedure and then removed from the pin guide 200 after the
procedure. Like the tibial pin guide 100, the femoral pin guide
200 is a customized component that is disposed of after its
single use on the patient for which it was made.

The bone-facing surface 212 of the femoral pin guide’s
body 202 includes a negative contour 228 configured to
receive a portion of the anterior side of the patient’s femur
having a corresponding contour. As discussed above, the cus-
tomized patient-specific negative contour 228 of the bone-
contacting surface 212 allows the positioning of the pin guide
200 on the patient’s femur in a unique pre-determined loca-
tion and orientation.

As alluded to above, the arms or tabs 204, 206 extend
posteriorly from the body 202 to define a somewhat U-shaped
opening therebetween. The tabs 204, 206 may extend from
the body 202 the same distance or a different distance. Each of
the tabs 204, 206 has a threaded guide hole 216 formed
therein. One of the removable drill bushings 118 may be
threaded into each guide hole 216 of the tabs 204, 206. In
particular, the guide holes 216 of the tabs 204, 206 have a
similar diameter and configuration as the guide holes 216 of
the pin guide’s body 202 and the guide holes 116 of the tibial
pin guide 100. As such, the removable drill bushings 118 are
interchangeable between the tibial pin guide 100 and the
femoral pin guide 200.

The tabs 204, 206 include a bone-contacting or bone-fac-
ing surface 240, 242, respectively, and an outer surface 244,
246, respectively, opposite the bone-facing surface 240, 242.
The bone-facing surface 240 of the tab 204 includes a nega-
tive contour 248 configured to receive a portion of the distal
side of the patient’s femur having a respective corresponding
contour. Similarly, the bone-facing surface 242 of the tab 206
includes a negative contour 250 configured to receive a por-
tion of the distal side of the patient’s femur having a respec-
tive corresponding contour.

In some embodiments, the negative contours 228, 248, 250
of'the bone-contacting surfaces 212, 240, 242 of the custom-
ized patient-specific pin guide 200 may or may not match the
corresponding contour surface of the patient’s bone. That is,
as discussed above, the negative contours 228, 248, 250 may
be scaled or otherwise resized (e.g., enlarged) to compensate
for the patient’s cartilage or lack thereof.

As shown in FIG. 23, the femoral pin guide 200 may be
coupled to the distal end of the patient’s femur. Because the
bone-contacting surfaces 212, 240, and 242 of the pin guide
200 include the negative contours 228, 248, 250, the femoral
pin guide may be coupled to the patient’s femur in a pre-
planned, unique position. When so coupled, the tabs 204, 206
wrap around the distal end of the patient’s femur. Addition-
ally, when the femoral pin guide 200 is coupled to the
patient’s femur, a portion of the anterior side of the femur is
received in the negative contour 228 of the body 202 and a
portion of the distal side of the patient’s femur is received in
the negative contours 248, 250 of the tabs 204, 206, respec-
tively.

Once coupled to the patient’s distal femur, a surgeon may
use the customized patient-specific femoral pin guide 200 to
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install two pairs of guide pins 160 in locations that have been
customized for that particular patient. One pair of the guide
pins 160 is installed in a custom patient-specific location on
the anterior side of the patient’s femur. The other pair of guide
pins 160 is installed on the distal side of the patient’s femur.
With the pin guide 200 removed, a patient-universal cutting
block or blocks (not shown) may then be installed on the
custom-located guide pins 160 and thereafter used to resect
the patient’s femur. Such an arrangement allows for a certain
degree of customization of the surgical procedure by custom-
izing the placement of the guide pins 160 to the patient’s
anatomy, while also enjoying the cost benefits associated with
the use of a reusable patient-universal cutting block(s).

Referring now to FIGS. 24-27, there is shown another
embodiment of the pin guide 100 and the removable drill
bushing 118. The pin guide 100 and the drill bushing 118
shown in FIGS. 24-27 are essentially the same as the pin
guide 100 and the drill bushing 118 shown in FIGS. 10-20
with the exception of the locking mechanism that locks the
removable drill bushing 118 within the guide holes 116 of the
pin guide 100. In particular, in lieu of locking threads, in the
illustrative embodiment of the pin guide 100 and the remov-
able drill bushing 118 shown in FIGS. 24-27 utilizes a cam
lock arrangement.

As shown in FIGS. 24 and 25, the locking slot 126 formed
in the pin guide’s body 102 proximate to each of the guide
holes 116 is not helical, but rather includes two elongated
channels 180 positioned on opposite sides of the guide hole
116 and an annular recess 182 formed within the pin guide’s
body 102. The outer ends of the channels 118 open to the
outer surface 114 of the guide pin’s body 102, with the inner
ends of the channels 180 opening into the annular recess 182.
As can be seen in the cross sectional view of FIG. 25, a
shoulder 184 defines the anterior side of the locking slot’s
annular recess 182. As can also be seen in FIG. 25, the
shoulder 184 is embodied as an angled cam surface. As will be
described below, the locking flange 124 of the removable drill
busing engages the cam surface to lock the removable drill
bushing 118 to the pin guide 100.

The locking flange 124 of the removable drill bushing 118
of FIGS. 26 and 27 is embodied as a pair of tabs extending
outwardly from opposite sides of its post 122. The tabs 124
are sized and positioned to be received into the respective
channels 180 of the pin guide’s locking slot 126. Specifically,
to lock the removable drill bushing 118 to the pin guide 100,
each of the tabs 124 is first aligned with one of the channels
180 and thereafter advanced into the channels 180. When the
tabs 124 have been advanced into the channels 180 far enough
to clear the shoulder 184, the head 120 of the removable drill
bushing 118 may be rotated approximately 90° thereby also
rotating the tabs 124. Such rotation of the tabs 124 removes
the tabs from alignment with the channels 180 thereby cap-
turing the tabs 124 within the annular recess 182. Such rota-
tion also causes the anterior cam surface 186 of the tabs 124
to engage the cam surface of the shoulder 184. This cam locks
the removable drill bushing 118 to the drill guide 100.

To unlock the removable drill bushing 118 from the drill
guide 100, the head 120 of the removable drill bushing 118
may be rotated in the opposite direction it was rotated during
installation to a position in which the tabs 124 are aligned
with the channels 180. Once the tabs 124 are aligned in such
amanner, the post 122 of the removable drill bushing 118 may
be slid out of the guide hole 116 thereby disassembling the
removable drill bushing 118 from the pin guide 100.

It should be appreciated that although the locking mecha-
nism of FIGS. 24-27 is illustratively described within the
context of the tibial pin guide 100, the femoral pin guide 200



US 9,095,355 B2

19

may also be modified to include such a cam lock arrangement
in lieu of the threaded arrangement described above in regard
to FIGS. 21-23.

While the disclosure has been illustrated and described in
detail in the drawings and foregoing description, such an
illustration and description is to be considered as exemplary
and not restrictive in character, it being understood that only
illustrative embodiments have been shown and described and
that all changes and modifications that come within the spirit
of the disclosure are desired to be protected.

There are a plurality of advantages of the present disclosure
arising from the various features of the apparatus, system, and
method described herein. It will be noted that alternative
embodiments of the apparatus, system, and method of the
present disclosure may not include all of the features
described yet still benefit from at least some of the advantages
of'such features. Those of ordinary skill in the art may readily
devise their own implementations of the apparatus, system,
and method that incorporate one or more of the features of the
present invention and fall within the spirit and scope of the
present disclosure as defined by the appended claims.

What is claimed is:

1. A customized patient-specific orthopaedic surgical

instrument, comprising:

a customized patient-specific femoral pin guide compris-
ing (i) a body having a bone-facing surface that has a
customized patient-specific negative contour configured
to receive a portion of an anterior side of a patient’s
femur that has a corresponding positive contour, the
body having (a) a first hole formed therein with a first
locking slot extending in a direction parallel to the axis
of the first hole, the first locking slot opening into the
first hole, and (b) a second hole formed therein with a
second locking slot extending in a direction parallel to
the axis of the second hole, the second locking slot
opening into the second hole, (ii) a first tab extending
posteriorly from the body, the first tab having a bone-
facing surface that has a customized patient-specific
negative contour configured to receive a first portion of
the distal side of the patient’s femur that has a corre-
sponding positive contour, the first tab having a third
hole formed therein with a third locking slot extending in
a direction parallel to the axis of the third hole, the third
locking slot opening into the third hole, and (iii) a second
tab extending posteriorly from the body, the second tab
having a bone-facing surface that has a customized
patient-specific negative contour configured to receive a
second portion of the distal side of the patient’s femur
that has a corresponding positive contour, the second tab
having a fourth hole formed therein with a fourth locking
slot extending in a direction parallel to the axis of the
fourth hole, the fourth locking slot opening into the
fourth hole,

a first removable drill bushing having a post with a locking
flange extending therefrom, the post of the first remov-
able drill bushing being positioned in the first hole the
customized patient-specific femoral pin guide such that
the locking flange of the first removable drill bushing is
positioned in the first locking slot of the customized
patient-specific femoral pin guide,

a second removable drill bushing having a post with a
locking flange extending therefrom, the post of the sec-
ond removable drill bushing being positioned in the
second hole of the customized patient-specific femoral
pin guide such that the locking flange of the second
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removable drill bushing is positioned in the second lock-
ing slot of the customized patient-specific femoral pin
guide,

a third removable drill bushing having a post with a locking
flange extending therefrom, the post of the third remov-
able drill bushing being positioned in the third hole of
the customized patient-specific femoral pin guide such
that the locking flange of the first removable drill bush-
ing is positioned in the first locking slot of the custom-
ized patient-specific femoral pin guide, and

a fourth removable drill bushing having a post with a lock-
ing flange extending therefrom, the post of the fourth
removable drill bushing being positioned in the fourth
hole of the customized patient-specific femoral pin
guide such that the locking flange of the fourth remov-
able drill bushing is positioned in the fourth locking slot
of the customized patient-specific femoral pin guide.

2. The customized patient-specific orthopaedic surgical

20 instrument of claim 1, wherein:
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the first locking slot of the customized patient-specific
femoral pin guide comprises a first female thread
extending helically around the periphery of the first hole
of the customized patient-specific femoral pin guide,

the first locking flange of the first removable drill bushing
comprises a first male thread extending helically around
the post of the first removable drill bushing, the first male
thread of the first drill bushing being threaded into the
first female thread so as to lock the post of the first
removable drill bushing into the first hole of the custom-
ized patient-specific femoral pin guide,

the second locking slot of the customized patient-specific
femoral pin guide comprises a second female thread
extending helically around the periphery of the second
hole of the customized patient-specific femoral pin
guide,

the second locking flange of the second removable drill
bushing comprises a second male thread extending heli-
cally around the post of the second removable drill bush-
ing, the second male thread of the second drill bushing
being threaded into the second female thread so as to
lock the post of the second removable drill bushing into
the second hole of the customized patient-specific femo-
ral pin guide,

the third locking slot of the customized patient-specific
femoral pin guide comprises a third female thread
extending helically around the periphery of the third
hole of the customized patient-specific femoral pin
guide,

the third locking flange of the third removable drill bushing
comprises a third male thread extending helically
around the post of the third removable drill bushing, the
third male thread of the third drill bushing being
threaded into the third female thread so as to lock the
post of the third removable drill bushing into the third
hole of the customized patient-specific femoral pin
guide,

the fourth locking slot of the customized patient-specific
femoral pin guide comprises a fourth female thread
extending helically around the periphery of the fourth
hole of the customized patient-specific femoral pin
guide, and

the fourth locking flange of the fourth removable drill
bushing comprises a fourth male thread extending heli-
cally around the post of the fourth removable drill bush-
ing, the fourth male thread of the fourth drill bushing
being threaded into the fourth female thread so as to lock
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the post of the fourth removable drill bushing into the
fourth hole of the customized patient-specific femoral
pin guide.

3. The customized patient-specific orthopaedic surgical
instrument of claim 1, wherein:

the body, the first tab, and the second tab of the customized

patient-specific femoral pin guide are formed from a
polymeric material, and

each of the first, second, third, and fourth removable drill

bushings is formed from a metallic material.

4. The customized patient-specific orthopaedic surgical
instrument of claim 3, wherein the body, the first tab, and the
second tab of the customized patient-specific femoral pin
guide define a monolithic structure.

5. The customized patient-specific orthopaedic surgical
instrument of claim 1, wherein:

the body, the first tab, and the second tab of the customized

patient-specific femoral pin guide define a monolithic,
disposable polymeric structure, and
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each of the first, second, third, and fourth removable drill
bushings is reusable and formed from a metallic mate-
rial.

6. The customized patient-specific orthopaedic surgical
instrument of claim 1, wherein the first tab and the second tab
of'the customized patient-specific femoral pin guide define an
opening therebetween.

7. The customized patient-specific orthopaedic surgical
instrument of claim 1, wherein:

the first removable drill bushing and the second removable

drill bushing are positioned to allow a surgeon to install
a first pair of guide pins on the anterior side of the
patient’s femur, and

the third removable drill bushing and the fourth removable

drill bushing are positioned to allow a surgeon to install
a second pair of guide pins on the distal side of the
patient’s femur.



